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
([SHULPHQWDO6WXG\RQWKH+\GURG\QDPLF%HKDYLRXURIDQ)362LQD  
'HHSZDWHU5HJLRQRIWKH*XOIRI0H[LFR  
-DLPH7RUUHV/RSH]/RQJELQ7DR/RQJIHL;LDR=KLTLDQJ+X  
 6FKRRORI0DULQH6FLHQFHDQG7HFKQRORJ\1HZFDVWOH8QLYHUVLW\1HZFDVWOHXSRQ7\QH1(588.  
 6KDQJKDL-LDR7RQJ8QLYHUVLW\6KDQJKDL&KLQD  
 3HPH[([SORUDWLRQ	3URGXFWLRQ3(30DULQD1DFLRQDO&&G0H[LFR0H[LFR  
  
$%675$&7  
  
$V RIIVKRUH RLO DQG JDV H[SORUDWLRQ PRYHV SURJUHVVLYHO\ WRZDUG JUHDWHU ZDWHU GHSWKV LW  
EHFRPHVPRUHFKDOOHQJLQJWRSUHGLFWWKHHQYLURQPHQWDOIRUFHVDQGJOREDOUHVSRQVHVRIIORDWLQJ  
SURGXFWLRQVWRUDJHDQGRIIORDGLQJ)362V\VWHPVDQGWKHG\QDPLFEHKDYLRXURIWKHPRRULQJ  
OLQHV DQG ULVHUV 7KH YDOLGDWLRQ RI FRPSOH[ QXPHULFDO PRGHOV WKURXJK VFDOH PRGHO  
H[SHULPHQWDOWHVWLQJLVUHVWULFWHGE\WKHSK\VLFDOOLPLWVRIWKHWHVWIDFLOLWLHV,WLVQRWIHDVLEOHWR  
LQVWDOO WKHHTXLYDOHQW IXOO OHQJWKPRRULQJ OLQHVDQG ULVHUV\VWHPVDQGVHOHFWDQDSSURSULDWH  
VFDOHPRGHOIRUUHGXFLQJWKHXQFHUWDLQWLHVLQWKHH[SHULPHQWDOWHVWSURJUDPPHIRUGHHSZDWHU  
DQGXOWUDGHHSZDWHUFRQGLWLRQV7KHFRPELQDWLRQRIDQDSSURSULDWHVFDOH)362PRGHOZLWKD  
VXLWDEOHOHYHORIHTXLYDOHQWHIIHFWUHGXFHGGHSWKXVLQJDK\EULGSDVVLYHWUXQFDWHGH[SHULPHQWDO  
PHWKRGRORJ\IRUWKHPRRULQJOLQHVDQGULVHUVLVDSUDFWLFDODSSURDFK  
)ROORZLQJ UHFHQW GLVFRYHULHV )362 KDV EHHQ SURSRVHG IRU D SRUWLRQ RI WKH SODQQHG  
GHYHORSPHQWLQWKHVRXWKHUQ*XOIRI0H[LFR*20LQZDWHUGHSWKUDQJLQJIURPWR  
PHWUHV %DVHG RQ D VFDOH PRGHO DQG D K\EULG SDVVLYH WUXQFDWHG H[SHULPHQWDOPHWKRG IRU  
PRRULQJOLQHVDQGULVHUVWKLVSDSHULQYHVWLJDWHVWKHJOREDOUHVSRQVHRIDQ)362DVZHOODV  
WKHG\QDPLFVRIPRRULQJOLQHVDQGULVHUVLQWKHFRQWH[WRISUHYDLOLQJHQYLURQPHQWDOFRQGLWLRQV  
IRUILHOGGHYHORSPHQWLQDVSHFLILFGHHSZDWHUORFDWLRQLQ*207KHH[SHULPHQWVUHYHDOHGWKDW  
WKHPDLQKRUL]RQWDOPRWLRQUHVSRQVHRIWKH)362VXUJHXQGHUQRQFROOLQHDUORDGLQJFRQGLWLRQ  
LV DOPRVW WZRWLPHV WKDW RI WKH FROOLQHDU ORDGLQJ FRQGLWLRQ 7KH PRRULQJ OLQHV LQ WKH QRQ  
FROOLQHDUFRQGLWLRQDUHPRUHVHQVLWLYHWRWKHG\QDPLFUHVSRQVHDQGULVHUVDSSHDUWRKDYHDQ  
LPSRUWDQWLQIOXHQFHRQWKHORZIUHTXHQF\GDPSLQJ  
 ?

.H\:RUGV  
+\GURG\QDPLFV)3620RRULQJOLQHV1RQFROOLQHDU'HHSZDWHU  
  
 ,QWURGXFWLRQ  
6FDOHGPRGHOWHVWVRIDVKLSVKDSHG)362FRPSOHWHZLWKWXUUHWPRRULQJOLQHVDQGULVHUV  
LQGHHSZDWHURUXOWUDGHHSZDWHUORFDWLRQVDUHFRQVLGHUHGWREHWKHPRVWUHOLDEOHZD\WRVWXG\  
WKH FRPSOH[ K\GURG\QDPLFV DQG DHURG\QDPLFV RI WKH FRPSOHWH V\VWHP %07   
6WDQVEHUJHWDO8VLQJIDFLOLWLHVILWWHGZLWKDGYDQFHGHTXLSPHQWGHGLFDWHGPRGHOWHVWV  
FDQFORVHO\UHSUHVHQWWKHPRWLRQUHVSRQVHWRUHDOLVWLFHQYLURQPHQWDOFRQGLWLRQVDQGG\QDPLF  
LQWHUDFWLRQVEHWZHHQZDYHVFXUUHQWZLQGVDQGWKHWRWDOIORDWLQJV\VWHP LQFOXGLQJPRRULQJ  
DQGULVHUV\VWHPV  
7KHH[SHULPHQWDO WHVWVKHOS WRSURYLGHFUXFLDO LQIRUPDWLRQDERXW WKHFRPSOH[ OLQHDUDQG  
QRQOLQHDU K\GURG\QDPLF EHKDYLRXU RI WKH WRWDO V\VWHP VXFK DV WKH WRWDO YLVFRXV GDPSLQJ  
FRQWULEXWLRQVRIWKHV\VWHPWKHFRXSOHGHIIHFWVRIWKH)362YHVVHOZLWKWKHPRRULQJOLQHVDQG  
ULVHUVDQGWKHWUDQVLHQWJUHHQZDWHUDQGVODPPLQJIRUFHVDQGZDYHUXQXSHIIHFWVWKDWDUH  
GLIILFXOWWRHYDOXDWHWKURXJKQXPHULFDOVLPXODWLRQDORQHZLWKRXWDQ\VLPSOLI\LQJDVVXPSWLRQV  
)DOWLQVHQ&KDNUDEDUWL /XRHWDO7KXVDPRGHO WHVW LVRIWHQXVHG WR  
YDOLGDWH GHVLJQV WKURXJKRXW D FRPSOH[ LWHUDWLYH GHVLJQ SURFHVV W\SLFDOO\ XVLQJ QXPHULFDO  
WRROV  
+RZHYHU ZKHQ FRQGXFWLQJ PRGHO WHVWV RI RIIVKRUH VWUXFWXUHV IRU GHHSZDWHU DQG XOWUD  
GHHSZDWHU LQVWDOODWLRQV VFDOH HIIHFWV EHFRPH D PDMRU LVVXH DQG WKH\ DUH YHU\ GLIILFXOW WR  
KDQGOHGXHWRWKHOLPLWHGSK\VLFDOGLPHQVLRQVRIWKHRIIVKRUHEDVLQV6WDQVEHUJHWDO  
&KDNUDEDUWL7ROLPLWWKHVFDOHHIIHFWDVFDOHUDWLRRIKDVEHHQUHFRPPHQGHG  
IRUPRGHOWHVWVRI)362V\VWHPVDQGKDVEHHQIRXQGWREHUHOLDEOHIRUSUHGLFWLQJWKHIXOOVFDOH  
EHKDYLRXU,77&+RZHYHUWKLVUDQJHRIVFDOHUDWLRVLVXQDEOHWRUHSUHVHQWDIXOO  
 ?

VFDOHZDWHUGHSWKZKHQLWLVHTXDORUJUHDWHUWKDQPDQGWKHH[SHULPHQWVLQYROYHWHVWLQJ  
WKHPRRULQJDUUDQJHPHQWDQGULVHUV\VWHPEHKDYLRXU,77&  
&RQWLQXHGHIIRUWVKDYHEHHQPDGHWRRYHUFRPHWKHWHVWEDVLQOLPLWDWLRQVE\XVLQJUHODWLYHO\  
VPDOOPRGHOV$VFDOHUDWLRRILVFRQVLGHUHGWREHFORVHWRWKHSUDFWLFDOOLPLWSDUWLFXODUO\  
IRU H[DPLQLQJ WKH KXOO EHKDYLRXU EDVHG RQ H[LVWLQJ PRGHO EDVLQ IDFLOLWLHV DQG OLPLWDWLRQV  
0R[QHV  6PDOOVFDOH WHVWLQJ RI  KDV EHHQ XQGHUWDNHQ DQG VWXGLHV RQ  
UHOLDELOLW\DWWKLVVFDOHKDYHEHHQVXJJHVWHGWRHYDOXDWHDQGTXDQWLI\WKHXQFHUWDLQWLHVDQGWR  
NHHS WKHP ZLWKLQ DFFHSWDEOH OHYHOV RI DFFXUDF\ 6WDQVEHUJ HW DO  $Q DOWHUQDWLYH  
SURFHGXUH FDOOHG WKH K\EULG SDVVLYH PHWKRGRORJ\ KDV EHHQ H[SORUHG ,W FRPELQHV DQ  
DSSURSULDWHVFDOHPRGHOIRUWKH)362KXOOZLWKDGHSWKWUXQFDWLRQWR\LHOGDQHTXLYDOHQWHIIHFW  
RIPRRULQJOLQHVDQGULVHUVLQUHVSRQGLQJWRWKHWHVWEDVLQOLPLWDWLRQV6XFKDQHIIHFWUHSUHVHQWV  
WKHDSSURSULDWHIRUFHVIURPPRRULQJOLQHVDQGULVHUVRQWKHPRWLRQVRIWKHYHVVHOZKLFKDUH  
FRPSXWHGZLWKDQXPHULFDOVLPXODWLRQSURFHGXUHE\H[WUDSRODWLRQWRWKHPRWLRQUHVSRQVHVRI  
WKHGHVLJQSURWRW\SHV\VWHPLQIXOOZDWHUGHSWK&KDNUDEDUWL7DKDU/XRHWDO  
)\OOLQJ%DDUKROPHWDO,77&6XHWDO  
6WDQVEHUJHWDOLQYHVWLJDWHGWKLVDSSURDFKDQGPDGHDFRPSDULVRQIRUDPRGHUDWH  
ZDWHU GHSWK XVLQJ ERWK WKH K\EULG SDVVLYH PHWKRGRORJ\ DQG D IXOO GHSWK PRGHO ZLWK D  
FRQYHQWLRQDO VFDOHPRGHO7KH UHVXOWV VKRZHG WKDW WKH WUXQFDWHGPRRULQJDQG ULVHUPRGHO  
DSSURDFKLVWHFKQLFDOO\IHDVLEOH  
2QWKHRWKHUKDQGWKHFROOLQHDUDQGQRQFROOLQHDUHQYLURQPHQWDOFRQGLWLRQRIZDYHVZLQG  
DQGFXUUHQWRIWHQRFFXULQGHHSZDWHUUHJLRQVRIWKH*20%DDUHWDOREVHUYHGWKDWWKH  
H[WUHPHUHVSRQVHRID WXUUHWPRRUHG)362 LVVHQVLWLYH WR WKHQRQFROOLQHDUHQYLURQPHQWDO  
FRQGLWLRQVRIZDYHVFXUUHQWDQGZLQGDQGWKHORFDWLRQRIWKHLQWHUQDOWXUUHWKDVLQIOXHQFHRQ  
WKHPRWLRQUHVSRQVHDQGWHQVLRQRIWKHPRRULQJOLQHV,UDQLHWDODQG:DUGHWDO  
VKRZHG WKDW WKH UHVSRQVHRIPRRUHG)362 LVPRUHVHYHUH LQQRQFROOLQHDUHQYLURQPHQWDO  
 ?

FRQGLWLRQVEXWQRQFROOLQHDUFRQGLWLRQVKDYH OHVV LQIOXHQFHRQ WKH WHQVLRQVRI WKHPRRULQJ  
OLQHV  
7KLVSDSHUGHVFULEHVDQH[SHULPHQWDOVWXG\RQWKHG\QDPLFVRIDFRPSOHWH)362PRRULQJ  
ULVHUV\VWHPLQDGHHSZDWHUORFDWLRQXVLQJWKHK\EULGSDVVLYHWUXQFDWHGH[SHULPHQWDOPHWKRG  
IRUWKHEHKDYLRXURIWKHOLQHVDQGULVHUV7KHH[SHULPHQWDOWHVWZDVXQGHUWDNHQLQDQRIIVKRUH  
EDVLQZLWKPRIZDWHUGHSWKDQGWKHPDLQIRFXVZDVWRVWXG\WKHQRQOLQHDUK\GURG\QDPLF  
HIIHFWVRQ WKH )362 YHVVHO FRXSOHG ZLWKERWKPRRULQJ OLQHVDQG ULVHUV7KH )362JOREDO  
UHVSRQVHVIRUERWKWKHIXOODQGWKHEDOODVWORDGLQJFRQGLWLRQVDQGWKHDVVRFLDWHGG\QDPLFVRI  
WKH PRRULQJ OLQHV DQG ULVHUV ZHUH VWXGLHG IRU FROOLQHDU DQG QRQFROOLQHDU HQYLURQPHQWDO  
FRQGLWLRQV  
 0RGHOV\VWHPGHVFULSWLRQ  
7KH)362XVHGLQWKHVWXG\LVPLQOHQJWKEHWZHHQSHUSHQGLFXODUVZLWKDEUHDGWKRI  
PDQGDGHSWKDWWKHVLGHRIPLQSURWRW\SHGLPHQVLRQV7KHKXOOKDVDVLPSOH  
IRUPDQGWKHPLGGOHFURVVVHFWLRQRIWKHPRGHOLVER[VKDSHGVHH)LJDDQG)LJE  
%RWK WKH )XOO ORDG DQG %DOODVW ORDG FRQGLWLRQV ZHUH WHVWHG 7KH )XOO ORDG FRQGLWLRQ LV  
DVVRFLDWHGZLWKD OHYHONHHOGUDXJKWHTXDO WRPZLWKDFRUUHVSRQGLQJGLVSODFHPHQWRI  
 WRQQHV DQG LQ WKH %DOODVW ORDG FRQGLWLRQ WKH DYHUDJH GUDXJKW ZDV  P ZLWK D  
FRUUHVSRQGLQJ GLVSODFHPHQW RI  WRQQHV 7KH WRWDO PDVV LQ WKH VFDOH PRGHO ZDV  
DFKLHYHPHQW LQ OHVV WKDQ   EHWZHHQ WKH PHDVXUHG DQG WDUJHW WRWDO PHDVXUHG YDOXHV  
 WRQQHV DQG  WRQQHV IRU )XOO /RDG FRQGLWLRQ DQG %DOODVW ORDG FRQGLWLRQ  
UHVSHFWLYHO\ ?
 ?
$FUXGHWRSVLGHDUUDQJHPHQWZDVXVHGZLWKDEHDPDUHDRQWKHGHFNRIPDQGD ?
ERZDUHDRQWKHGHFNPVXIILFLHQWWRDOORZHYDOXDWLRQRIWKHZLQGORDGLQJRQDW\SLFDO ?
WRSVLGHDUHDRQWKH)362PRGHO7KHKXOORIWKH)362LQFOXGHGDELOJHNHHORIPZLGWK ?
DQGPOHQJWK ?
 ?

7KH )362 PRGHO ZDV ILWWHG ZLWK DQ LQWHUQDO WXUUHW PRRULQJ OLQHV V\VWHP ZKLFK KDV D ?
GLDPHWHURIPLQWKHSURWRW\SH,WVYHUWLFDOFHQWUHOLQHZDVORFDWHGPDIWRIWKHIRUZDUG ?
SHUSHQGLFXODURIWKH)362YHVVHO7KHIXQFWLRQRIWKHWXUUHWZDVWRSURYLGHDWLHLQPHFKDQLVP ?
IRUWKH)362ZLWKPRRULQJOLQHVDQGULVHUVHQDEOLQJWKHKXOOWR\DZUHODWLYHWRWKHPRRULQJ ?
OLQHVDQGULVHUV,QWKHH[SHULPHQWDOWHVWWKH)URXGHDQG6WURXKDOQXPEHURIWKHPRGHODQG ?
SURWRW\SHZHUHNHSWWKHVDPHPDNLQJWKHJUDYLWDWLRQDODQGLQHUWLDOIRUFHVVLPLODU7KHPDLQ ?
SDUWLFXODUVRIWKH)362YHVVHOLQWKHSURWRW\SHDQGWKHFRUUHVSRQGLQJPRGHOVFDOHGLPHQVLRQV ?
DUHVXPPDUL]HGLQ7DEOH ?
$SHUPDQHQWPRRULQJOLQHV\VWHPZDVGHVLJQHGWRDOORZIRUWKHH[SHFWHGH[WUHPHPRWLRQ ?
YDOXHVRIWKH)362YHVVHODQGWKHPD[LPXPWHQVLRQVRIWKHOLQHV7KHPRRULQJV\VWHPZDV ?
UHYLHZHGIRUERWKLQWDFWDQGDVVXPHGVLQJOHOLQHGDPDJHFRQGLWLRQVXVLQJERWKFROOLQHDUDQG ?
QRQFROOLQHDUFRPELQDWLRQVRIHQYLURQPHQWORDGLQJFDVHVRIRQHVLJQLILFDQWHYHQWRIVWRUPDQG ?
KXUULFDQH FRQGLWLRQV IRU D \HDU UHWXUQ SHULRG $3,536.  7KH PRRULQJ OLQH ?
V\VWHPKDVOLQHVZLWKDV\PPHWULFFRQILJXUDWLRQDUUDQJHGLQWKUHHJURXSVHDFKJURXSKDYLQJ ?
OLQHV7KHJURXSVZHUHGHJUHHVDSDUWDVVKRZQLQ)LJ&DVH%7KHLQGLYLGXDOOLQHV ?
DUHLGHQWLFDODQGHDFKRQHKDVWKUHHLQWHJUDWHGFKDLQVSLUDODQGVWUDQGFKDLQVHJPHQWV(DFK ?
OLQH LQDJURXS LVVHSDUDWHGE\GHJUHHVIURPWKHDGMDFHQW OLQH7KHPRRULQJV\VWHPZDV ?
HVWDEOLVKHG DQG HDFK OLQH ZDV VHPLWDXW EXW KDG D VLPSOH FDWHQDU\ PHFKDQLVP WKDW ZDV ?
VXEVHTXHQWO\YHULILHGWKURXJKWKHVOLJKWO\QRQOLQHDUEHKDYLRXURI WKHUHVWRULQJIRUFHFXUYHV ?
DQGRIIVHWDVVKRZQLQ)LJ&RPSUHKHQVLYHGHWDLOVDQGFKDUDFWHULVWLFVRIWKHPRRULQJOLQHV ?
DUHJLYHQLQ7DEOH ?
6L[VWHHOFDWHQDU\ULVHUV6&5IRUSURGXFWLRQDQGSRWHQWLDOLQMHFWLRQZHUHDVVXPHGZLWKD ?
VLPSOH V\PPHWULF FRQILJXUDWLRQ7KH ULVHUVZHUH VHOHFWHGRQO\ IRU LQFOXGLQJDQG HYDOXDWLQJ ?
WKHLU W\SLFDO VWDWLF DQG FRXSOHG DVVRFLDWHG G\QDPLF HIIHFWV RQ WKH YHVVHO 7KH ULVHU ?
DUUDQJHPHQW LQ WKUHHJURXSV LVVKRZQ LQ)LJ&DVH& LQZKLFKHDFK WKHJURXSVDUHDOO ?
VHSDUDWHGE\GHJUHHV7KHPDLQULVHUFKDUDFWHULVWLFVDUHJLYHQLQ7DEOH&RQVLGHULQJ ?
WKH RIIVKRUH EDVLQ GLPHQVLRQV DQG WKH LQVWUXPHQWDWLRQ FDSDFLW\ IRU HQYLURQPHQWV DQG ?
PHDVXUHPHQWVDPRGHOVFDOHRIZDVFKRVHQIRUWKHH[SHULPHQWVWRPLQLPL]HWKHVFDOLQJ ?
 ?

HIIHFW$SDVVLYHK\EULGPHWKRGZDVXVHGWRGHVLJQ WKH WUXQFDWHGPRRULQJ OLQHVDQGULVHUV ?
ZLWK DQ HTXLYDOHQW HIIHFW WR UHSUHVHQW LQVWDOODWLRQ DW  P 7KH FRPSOHWH )362 ZLWK ?
WUXQFDWHGPRRULQJDQGULVHUV\VWHPZDVWHVWHGLQWKH'HHSZDWHU2IIVKRUH%DVLQDW6KDQJKDL ?
-LDR7RQJ8QLYHUVLW\6-78 ?
%RWKWKHPRRULQJOLQHVDQGULVHUVZHUHWKXVWUXQFDWHGWRPGHSWKLQWKHIXOOVFDOH7KH ?
FKRLFH RI WKH PRGHO VFDOH DQG OHYHO RI WUXQFDWLRQ ZHUH WKXV VHOHFWHG WR PLQLPL]H WKH ?
XQFHUWDLQWLHVUHODWHGWRVFDOLQJHIIHFWVRQDOOV\VWHPFRPSRQHQWV7KHFULWHULDIRUWKHGHVLJQ ?
RIWKHWUXQFDWHGPRRULQJV\VWHPVHHNWRPRGHODVFORVHO\DVSRVVLEOHWKHIROORZLQJSDUDPHWHUV ?
RIWKHIXOOSURWRW\SHV\VWHP ?
 ?
x 7RWDOKRUL]RQWDOVWLIIQHVVRIIVHWRIWKHV\VWHP ?
x 5HSUHVHQWDWLYHVLQJOHOLQHDQGULVHUWHQVLRQV ?
x 7KHQXPEHURIFRPSRQHQWVDQGOD\RXWRIPRRULQJOLQHVDQGULVHUV ?
 ?
$VWDWLFDQDO\VLVZDVSHUIRUPHGWRGHVLJQDV\VWHPRIWUXQFDWHGPRRULQJOLQHVDQGULVHUV ?
WKDWVDWLVILHVWKHKRUL]RQWDOUHVWRULQJIRUFHVFKDUDFWHULVWLFVRIWKHIXOOGHSWKSURWRW\SHV\VWHP ?
IRUWKHWKUHHSULQFLSDOKRUL]RQWDOGLUHFWLRQVGHJUHHVGHJUHHVGHJUHHV$SURFHGXUH ?
VLPLODUWRWKDWSUHVHQWHGE\:DDOVHWDODQGWKH,77&ZDVXVHGWRHYDOXDWHWKH ?
GHVLJQRIWKHWUXQFDWHGPRRULQJOLQHDQGULVHUV\VWHP ?
7KHFRPSDULVRQRIWKHUHVWRULQJIRUFHVRI WKHIXOOGHSWKSURWRW\SHV\VWHPDQGWUXQFDWLRQ ?
GHVLJQIRUWKHPRRULQJOLQHVDQGULVHUVLVVKRZQLQ)LJD$GGLWLRQDOO\WKHWRSWHQVLRQVRIWKH ?
PRVWORDGHGPRRULQJOLQHVDQGULVHUVRIHDFKJURXSLVVKRZQLQ)LJE ?
0D[LPXPGLIIHUHQFHVRIDSSUR[LPDWHO\ZHUHREVHUYHGLQWKHJHQHUDOUHVWRULQJIRUFHV ?
EHWZHHQWKHWUXQFDWHGDQGWKHSURWRW\SHGHVLJQLQWKHKRUL]RQWDODIWGLUHFWLRQRIGHJUHHV ?
ZKLFK ZHUH FRQVLGHUHG DFFHSWDEOH ,Q WKH RWKHU GLUHFWLRQV  GHJUHHV DQG  GHJUHHV ?
VPDOOHUGLIIHUHQFHVZHUHREVHUYHG$VLPLODUGLVFUHSDQF\ZDVREVHUYHGIRUWKHPRVWFULWLFDO ?
OLQHWHQVLRQDQGULVHUWHQVLRQGHPRQVWUDWLQJWKDWJRRGDJUHHPHQWZDVDFKLHYHGEHWZHHQWKH ?
WUXQFDWHGV\VWHPPRGHODQGWKHIXOOGHSWKPRGHO7KHPD[LPXPKRUL]RQWDOVSUHDGOHQJWKDW ?
PRGHOVFDOHZDVPIRUWKHPRRULQJOLQHVDQGPIRUWKHULVHUVZKLFKFRXOGILWZLWKLQ ?
 ?

WKH OHQJWK DQG ZLGWK RI WKH PHDVXULQJ DUHD RI WKH EDVLQ 7KH PDLQ FKDUDFWHULVWLFV RI WKH ?
SURWRW\SHDQGWKHFRUUHVSRQGLQJWUXQFDWHGPRRULQJOLQHDQGULVHUV\VWHPVDUHVKRZQLQWKH ?
7DEOHDQG7DEOHUHVSHFWLYHO\ ?
7KHWUXQFDWHGPRRULQJOLQHV\VWHPZDVEXLOWXVLQJFRPELQHGFKDLQDQGVSULQJVHJPHQWVWR ?
SURYLGHWKHDSSURSULDWHVXEPHUJHGZHLJKWD[LDOVWLIIQHVV($SUHWHQVLRQDQGUHVWRULQJIRUFH ?
FRQWULEXWLRQVIRUHDFKRIWKHPRRULQJOLQHV)LJ ?
)RUWKHPRGHOWHVWVWKHVL[ULVHUVZHUHDOVREXLOWRIZLUHDQGVSULQJVHJPHQWVWRVDWLVI\WKH ?
PDLQUHTXLUHPHQWVRIWKHWUXQFDWLRQGHVLJQVXFKDVWKHVXEPHUJHGZHLJKW($SUHWHQVLRQ ?
DQGUHVWRULQJIRUFHFKDUDFWHULVWLFV7KHEHQGLQJPRPHQWFDSDELOLWLHVRIWKHULVHUVHFWLRQZHUH ?
QRWWDNHQLQWRDFFRXQWLQWKHGHVLJQ)LJ ?
 ?
 ([SHULPHQWDOVHWXS ?
D 0RGHOVHWXS ?
7KHH[SHULPHQWDOPRGHOWHVWZDVSHUIRUPHGLQWKH'HHSZDWHU2IIVKRUH%DVLQDW6KDQJKDL ?
-LDR7RQJ8QLYHUVLW\6-78LQ&KLQD7KHGLPHQVLRQVRIWKHEDVLQDUHPE\PZLWKD ?
WRWDODYDLODEOHZDWHUGHSWKRIPWKDWFDQEHDGMXVWHGWKURXJKDYHUWLFDOO\PRYHDEOHERWWRP ?
IORRU7KHSODQYLHZRI WKH EDVLQ LVJLYHQ LQ )LJ 7KHEDVLQZDV ILWWHG ZLWKHQYLURQPHQW ?
VLPXODWLRQ HTXLSPHQW LQFOXGLQJ DPXOWLIODS ZDYH JHQHUDWLRQ V\VWHP D FXUUHQWJHQHUDWLRQ ?
V\VWHPDQGDZLQGJHQHUDWLRQV\VWHPFDSDEOHRIFUHDWLQJERWKFROOLQHDUDQGQRQFROOLQHDU ?
GLUHFWLRQDOHQYLURQPHQWORDGLQJFRQGLWLRQV7KHVL[GHJUHHVRIIUHHGRPPRWLRQRIWKH)362 ?
PRGHOZHUHFDSWXUHGWKURXJKDQRSWLFDOPRWLRQWUDFNLQJV\VWHPLQZKLFKIRXUSDVVLYHWUDFNLQJ ?
WDUJHWVZHUHLQVWDOOHGRQWKHVWHUQRIWKH)362PRGHOYHVVHO7KHFRQYHUVLRQRIWKHWUDFNLQJ ?
WDUJHWSRVLWLRQVWRULJLGERG\PRWLRQVDWGHVLUHGUHIHUHQFHSRLQWLVDFKLHYHGWKURXJKSURSULHWDU\ ?
VRIWZDUHOLFHQVHGE\4XDOLV\V ?
7KHWHQVLRQVLQWKHPRRULQJOLQHVDQGULVHUVZHUHPHDVXUHGXVLQJILIWHHQVHQVRUVLQVWDOOHG ?
LQGLYLGXDOO\DWWKHIDLUOHDGFRQQHFWLRQSRLQWVRIHDFKOLQHVDQGULVHUV ?
 ?
 ?

E /RDGLQJFRQGLWLRQV ?
%RWKFROOLQHDUDQGQRQFROOLQHDUHQYLURQPHQWDOFRQGLWLRQVDUHRIWHQREVHUYHGLQWKHVSHFLILF ?
ORFDWLRQRIWKH*20)RUWKLVVWXG\WKHFDVHVLQFOXGHGERWKVLWXDWLRQVZKLFKDUHGHILQHGIRU ?
WKHVWRUPFRQGLWLRQVRID\HDUUHWXUQSHULRG)LJVKRZVWKHWKUHHFDVHVRIFROOLQHDU ?
FDVHVDQGQRQFROOLQHDUFRQGLWLRQVFDVHZLWKDZLQGGLUHFWLRQRIGHJUHHVDQGFXUUHQW ?
GLUHFWLRQRIGHJUHHVRIWKHZDYHV7KHLUUHJXODUZDYHVZLWKFXUUHQWDQGZLQGJRYHUQHGWKH ?
PDLQSDUWRIWKHWHVWSURJUDPPHDQGWKHWHVWGXUDWLRQIRUHDFKFDVHFRUUHVSRQGHGWRWKUHH ?
KRXUVLQWKHSURWRW\SH ?
 ?
F 7HVWLQJPDWUL[ ?
7KHH[SHULPHQWDOWHVWSURJUDPPHFRQVLVWVRIWKHIROORZLQJPDLQFRPSRQHQWV ?
x &DOPZDWHUGHFD\WHVWVLQWKH'2)RIWKHIUHHO\IORDWLQJ)362PRGHOIRU)XOODQG ?
%DOODVWORDGFRQGLWLRQV ?
x &DOPZDWHUGHFD\WHVWVRIWKHIORDWLQJ)362PRGHOZLWKPRRULQJOLQHVRQO\DQGZLWK ?
PRRULQJOLQHVDQGULVHUVIRU)XOODQG%DOODVWORDGFRQGLWLRQV ?
x +RUL]RQWDOVWLIIQHVVUHVWRULQJIRUFHVRIWKHPRRULQJOLQHVDQGULVHUV ?
x :KLWHQRLVHZDYHWHVWVKHDGEHDPDQGTXDUWHULQJGLUHFWLRQ ?
x )362PRGHOPRWLRQVLQVL['2)DWWKHWXUUHWDQGWHQVLRQIRUFHFRPSRQHQWVDWWKH ?
WXUUHWIDLUOHDGVIRUWKHPRRULQJOLQHVDQGULVHUV ?
 &ROOLQHDUµ,QOLQHV¶PRRULQJOLQHVORDGLQJFRQGLWLRQRILUUHJXODUZDYHVRQO\ ?
 &ROOLQHDUµ,QOLQH¶DQGµ%HWZHHQOLQHV¶PRRULQJOLQHVORDGLQJFRQGLWLRQVRIWKH ?
VLPXODWHGLUUHJXODUZDYHVFXUUHQWDQGZLQGIRU)XOOORDGFRQGLWLRQV ?
 1RQFROOLQHDUFRPELQDWLRQVRIHQYLURQPHQWORDGLQJFRQGLWLRQRILUUHJXODU ?
ZDYHVFXUUHQWDQGZLQGIRU)XOODQG%DOODVWORDGFRQGLWLRQV ?
7KUHHFRQILJXUDWLRQVZHUHFRQVLGHUHGDVWKHEDVLVWRVWXG\WKHK\GURG\QDPLFEHKDYLRXURI ?
WKH )362 LWVHOI DQG D FRPSOHWH V\VWHP RI WKH )362 ZLWK PRRULQJ OLQHV DQG ULVHUV 7KH ?
DUUDQJHPHQW IRU ³&DVH $´ RQO\ FRQVLGHUHG WKH )362 PRGHO ZLWK WHPSRUDU\ KRUL]RQWDO ?
 ?

UHVWUDLQLQJOLQHVILWWHGDERYHRIWKHZDWHU³&DVH%´ZDVIRUWKH)362PRGHOZLWKPRRULQJOLQHV ?
RQO\DQGWKHDUUDQJHPHQWIRU³&DVH&´ZDVWKH)362PRGHOWRJHWKHUZLWKIXOOPRRULQJOLQHV ?
DQGULVHUVVHH)LJXUH ?
G 6WDWLFFKDUDFWHULVWLFVRIWKHPRRULQJOLQHDQGULVHUV\VWHPV ?
7KH VWDWLF FKDUDFWHULVWLFV RI WKH PRRULQJ OLQH DQG ULVHU V\VWHPV REWDLQHG IURP WKH ?
H[SHULPHQWDQGWKHQXPHULFDOGHVLJQZHUHYHULILHG7KHORQJLWXGLQDOGLUHFWLRQVGHJUHHV ?
DQG  GHJUHHV FRUUHVSRQGLQJ WR µ,QOLQH¶ DQG µ%HWZHHQOLQHV¶ FRQGLWLRQV DQG WUDQVYHUVH ?
GLUHFWLRQGHJUHHVGLVSODFHPHQWVFRUUHVSRQGLQJWRVXUJHDQGVZD\ZHUHFRPSDUHG)LJV ?
DQGVKRZDYHU\JRRGDJUHHPHQWRI UHVWRULQJFKDUDFWHULVWLFVPD[LPXPRIIVHWV LQ WKH ?
DOWHUQDWLYHIRUHDQGDIWORQJLWXGLQDOGLUHFWLRQVGHJUHHVDQGGHJUHHVZLWKPRRULQJOLQHV ?
ZLWKDQGZLWKRXWWKHULVHUV)XUWKHUPRUHWKHWHQVLRQVIRUWKHPRVWKLJKO\ORDGHGPRRULQJOLQH ?
DQG ULVHU ZHUH DOVR H[DPLQHG DQG WKH WHQVLRQ OHYHOV REWDLQHG LQ WKH H[SHULPHQW DQG WKH ?
QXPHULFDOGHVLJQIRUWKHVXUJHGLUHFWLRQGHJUHHVVKRZHGJRRGDJUHHPHQW ?
)LJVKRZVDFRPSDULVRQRIWKHUHVWRULQJIRUFHVRIWKHVZD\LQWKHWUDQVYHUVHGLUHFWLRQ ?
GHJUHHVEHWZHHQQXPHULFDOUHVXOWVIRUWKHWUXQFDWHGPRRULQJDQGULVHUV\VWHPDQGWKRVH ?
PHDVXUHG LQH[SHULPHQW ,W LVVHHQWKDW WKH WUXQFDWHGQXPHULFDOUHVXOWVDJUHHZHOOZLWK WKH ?
H[SHULPHQWDOPHDVXUHPHQWVXSWRPRIIVHWDQGWKHGLIIHUHQFHVOLJKWO\LQFUHDVHVDIWHUZDUG ?
$VLWLVH[SHFWHGWKDWWKHUHZLOOEHDPHDQG\QDPLFUHVSRQVHRIWRPLQWKLVGLUHFWLRQ ?
WKXVWKHVLPLODULWLHVRIWKHUHVWRULQJFKDUDFWHULVWLFVZHUHFRQVLGHUHGWREHUHDVRQDEOHLQVZD\ ?
)XUWKHUPRUHWKHFRQWULEXWLRQRIUHVWRULQJIRUFHVIURPWKHULVHUVLQWKLVGLUHFWLRQZDVIRXQGWR ?
EHQHJOLJLEOH ?
 0HWRFHDQFRQGLWLRQV ?
$ VWRUP FRQGLWLRQ IRU D \HDU UHWXUQ SHULRG ZDV VHOHFWHG WR VWXG\ WKH KXOO PRWLRQ ?
UHVSRQVHV DQG WKH DVVRFLDWHG G\QDPLFV RI WKH PRRULQJ OLQHV DQG ULVHUV 7KH -216:$3 ?
VSHFWUXPZDVFKRVHQZLWKWKHFKDUDFWHULVWLFVRIDVLJQLILFDQWZDYHKHLJKWRIPDQGD ?
SHDNZDYHSHULRGRIV7KHZLQGYHORFLW\DWPUHIHUHQFHKHLJKWIRURQHKRXUZDV ?
PV7KHFXUUHQWYHORFLW\RQWKHVXUIDFHZDVPVVHH7DEOH ?
 ?
 ?

D:KLWHQRLVHZDYHFDOLEUDWLRQ ?
$ JHQHUDWHGZKLWH QRLVH ZDYH HQYLURQPHQWZDVXVHG WR UHSUHVHQW WKH IXOOVL]HDQG IXOO ?
UDQJHHQYLURQPHQWZLWKZDYHSHULRGVIURPWRVDQGDVLJQLILFDQWZDYHKHLJKWUDQJHRI ?
P7KLVFRYHUHGWKHUDQJHRILQFLGHQWZDYHIUHTXHQFLHVIRUWKHRSHUDWLRQDO)XOOORDGDQG ?
%DOODVW ORDG FRQGLWLRQV RI WKH )362 PRGHO 7KHQ WKH ZKLWH QRLVH ZDYH JHQHUDWLRQ ZDV ?
FDOLEUDWHGZLWKWKHVSHFLILFSDUDPHWHUVLQWKHGHHSZDWHUEDVLQZLWKWKH)362PRGHOXVHGLQ ?
³&DVH$´)LJ)LJVKRZVYHU\JRRGDJUHHPHQWIRUWKHVSHFWUXPRIWKHZDYHWDUJHWDQG ?
WKHPHDVXUHPHQWV ?
7KHJHQHUDWHGZKLWHQRLVHZDYHVSHFWUXPZDVVXEVHTXHQWO\XVHGIRUWKHFDOFXODWLRQRIWKH ?
5$2VLQWKHKHDGEHDPDQGTXDUWHULQJVHDFRQGLWLRQVWKURXJKDSRVWSURFHVVDQDO\VLV)RU ?
WKHVHWHVWVWKH)362PRGHOZDVKHOG LQWKHUHTXLUHGSRVLWLRQ LQWKHEDVLQZLWKWKHVLPSOH ?
HODVWLF UHVWUDLQLQJ KRUL]RQWDO OLQHV DERYH ZDWHU VXUIDFH DQG VHW XS LQ WKH ZDYH KHDGLQJ ?
GLUHFWLRQVRIWKHVWXGLHV ?
E,UUHJXODUZDYHFDOLEUDWLRQ ?
7KHLUUHJXODUZDYHVLQWKHEDVLQZHUHFDOLEUDWHGLQWKHGLUHFWLRQVRIDQGGHJUHHV ?
7KHFKDUDFWHULVWLFVZHUHEDVHGRQWKHVLJQLILFDQWZDYHKHLJKWWKHPHDQSHULRGJDPPDVKDSH ?
IDFWRU IRU WKH-216:$3ZDYHVSHFWUXP7DEOH7KHVHFKDUDFWHULVWLFVZHUHVHOHFWHG WR ?
UHSUHVHQWWKHW\SLFDOHQYLURQPHQWRIWKHVRXWKHUQUHJLRQRIWKH*XOIRI0H[LFR ?
)LJVDQGFRPSDUHWKHJHQHUDWHGLUUHJXODUZDYHVSHFWUXPIRUWKHPHDVXUHGDQGWKH ?
WDUJHW ZDYHV LQ WKH  DQG  GHJUHH GLUHFWLRQV UHVSHFWLYHO\ VKRZLQJ WKDW H[FHOOHQW ?
DJUHHPHQWZDVDFKLHYHG7KHFDOLEUDWHGLUUHJXODUZDYHVLQWZRGLIIHUHQWGLUHFWLRQVZHUHXVHG ?
LQFRQMXQFWLRQZLWKWKHFXUUHQWDQGZLQGJHQHUDWHGWRFUHDWHWKHFROOLQHDUDQGQRQFROOLQHDU ?
HQYLURQPHQWORDGLQJFRQGLWLRQVLQWKHWZRGLUHFWLRQVGXULQJWKHH[SHULPHQW ?
F:LQGORDGDQGFXUUHQWVSHHGFDOLEUDWLRQ ?
7KHPHDQZLQGORDGZDVRQO\FRQVLGHUHGLQWKHPRGHOWHVW7KHZLQGORDGZDVFDOLEUDWHG ?
DFFRUGLQJWRWKHWRWDOZLQGIRUFHFDOFXODWHGIRU)XOO/RDG)IXOO N1DQG%DOODVW/RDG ?
 ?

FRQGLWLRQV )EDOODVW    N1 IRU WKH )362 LQ ERZ FRQGLWLRQ ,Q WKH FDVH RI WKH FXUUHQW ?
YHORFLW\ D SRLQW ORFDWHG QHDU WR WKH ERZ RI WKH )362 PRGHO ZDV XVHG WR PHDVXULQJ DQG ?
FDOLEUDWHGWKHVXUIDFHFXUUHQWVSHHG7KHPHDQYDOXHDQGVWDQGDUGGHYLDWLRQRIWKHPHDVXUHG ?
FXUUHQWYHORFLW\ZHUHPVDQGPVUHVSHFWLYHO\ZKLFKPDGHUHDVRQDEOHDJUHHPHQW ?
ZLWKWKHWDUJHWFXUUHQWYHORFLW\PV)LJVKRZVWKDWWKHFXUUHQWIOXFWXDWLRQVWHQGWR ?
LQFUHDVHVLJQLILFDQWO\LQIUHTXHQFLHVVPDOOHUWKDQUDGVDQGWKXVDVOLJKWLQIOXHQFHRQWKH ?
VORZGULIWPRWLRQVLVH[SHFWHG ?
 5HVXOWVDQGGLVFXVVLRQ ?
7KLVVHFWLRQSUHVHQWVWKHUHVXOWVDQGDQDO\VLVRIWKHH[SHULPHQWDOPHDVXUHPHQWVDQGLWLV ?
RUJDQL]HG LQ WKH IROORZLQJ VXEVHFWLRQV 'HFD\ WHVWV 5$2V IURP ZKLWH QRLVH ZDYH WHVWV ?
VSHFWUXPDQDO\VLVDQGVWDWLVWLFDODQDO\VLVRIWKH)362PRWLRQUHVSRQVHDQGWKHG\QDPLFVRI ?
WKHPRRULQJOLQHV ?
 ?
D'HFD\WHVWV ?
 )362PRGHORQO\ ?
'HFD\ WHVWV ZHUH FDUULHG RXW LQ FDOPZDWHU IRU WKHVL['2)RI WKH DVVXPHG XQFRXSOHG ?
PRWLRQVRIWKH)362PRGHOIRU)XOOORDGDQG%DOODVW ORDGFRQGLWLRQV7KHWHVWDUUDQJHPHQW ?
&DVH$VKRZQ LQ)LJZLWK WHPSRUDOO\KRUL]RQWDO UHVWUDLQLQJ OLQHVDERYHRI WKHZDWHUZDV ?
XVHG%DVHGRQWKHGHFD\WHVWVRIWKH)362PRGHOLQFDOPZDWHUWKHQDWXUDOSHULRGVDQGRQH ?
DYHUDJHYDOXHRI WKHGDPSLQJUDWLRVRI WKH)362KXOOEDVHGRQ WKH ORJDULWKPLFGHFUHPHQW ?
PHWKRGZHUHFDOFXODWHG&KDNUDEDUWL ?
 ?
7KHILUVWF\FOHRIPHDVXUHPHQWIRUHDFKGHFD\WHVWZHUHGLVFDUGHGWRDOORZDVKRUWSHULRG ?
RIWLPHIRUDWWHQXDWLRQRIDQ\WUDQVLHQWORDGVWKDWPD\KDYHEHHQLQGXFHGDQGWKHWLPHVHULHV ?
RIWKHVLJQDOVZHUHWKHQUHFRUGHGIRUWKHGHFD\WHVWV ?
7DEOHVKRZVWKDWWKHQDWXUDOSHULRGVRIWKH)362PRGHOLQWKH)XOOORDGFRQGLWLRQZHUH ?
LQJHQHUDOKLJKHUWKDQWKRVHLQWKH%DOODVW/RDGFRQGLWLRQ7KLVVKRZVDVWURQJLQIOXHQFHRIWKH ?
 ?

PRGHO GLVSODFHPHQW DQG WKH K\GURG\QDPLF UHVWRULQJ IRUFH FKDUDFWHULVWLFV RQ WKH QDWXUDO ?
SHULRGV ?
7KHUHODWLRQVKLSEHWZHHQWKHORJDULWKPLFGHFUHPHQWDQGWKHSHDNDPSOLWXGHVDQGWKHORFDO ?
GDPSLQJUDWLRVIRUWZRDGMDFHQWF\FOHVFDQDOVREHHYDOXDWHGE\WKHUHODWLRQ-RXUQHHHWDO ?
 ?
ȗ 
ଵଶగ  ቄ ௬೙௬೙శభቅYVݕത ൌ ௬೙ା௬೙శభଶ      ?
 ?
:KHUH ?
ȗ /RFDOGDPSLQJUDWLRUDWLREHWZHHQGDPSLQJDQGFULWLFDOGDPSLQJ ? ݕ௡ݕ௡ାଵ ൌ7ZRVXFFHHGLQJDPSOLWXGHVDWDWLPHLQWHUYDORISHULRGRIRVFLOODWLRQV ?
 ?
7KHQWKHGDPSLQJUDWLRVFDQEHVKRZQIURPWZRVXFFHVVLYHSRVLWLYHSHDNDPSOLWXGHV ?
 ?
7KHGDPSLQJUDWLRV LQVXUJHIRUERWKWKH)XOODQG%DOODVW ORDGFRQGLWLRQVVKRZHGVLPLODU ?
OLQHDUWUHQGV)LJVKRZVWKHYDULDWLRQIRUWKHVXUJHGDPSLQJUDWLRVIURPWZRVXFFHVVLYH ?
SRVLWLYHSHDNDPSOLWXGHVIRUWKH)XOOORDGFRQGLWLRQIURPWRZKLFKZDVVOLJKWO\ ?
KLJKHUWKDQWKDWIRUWKH%DOODVW/RDGFRQGLWLRQIURPWR7KHVXEPHUJHGVXUIDFH ?
DUHDRIWKHKXOORIWKH)362PRGHODSSHDUHGWRKDYHDVOLJKWO\JUHDWHULQIOXHQFHRQWKHYLVFRXV ?
GDPSLQJFRQWULEXWLRQZKHUHDVWKHGHSHQGHQF\RQWKHPHDQVXUJHDPSOLWXGHDSSHDUVWREH ?
QHJOLJLEOH LQGLFDWLQJ WKDW IORZ VHSDUDWLRQ GRHV QRW RFFXU LQ WKLV FDVH XQGHU WKH 5H\QROGV ?
QXPEHUDWPRGHOVFDOH$GGLWLRQDOO\VNLQIULFWLRQLVGRPLQDQWLQWKHYLVFRXVGDPSLQJIRUVXUJH ?
PRWLRQ ?
 ?
)362PRGHOWRJHWKHUZLWKPRRULQJOLQHVLQWKH)XOOORDGFRQGLWLRQ ?
6LPLODUO\ VXUJHGHFD\ WHVWV IRU WKH µ,QOLQH¶ DQG µ%HWZHHQOLQHV¶ FRQGLWLRQV RI WKH )362 ?
PRGHOZLWKWKHWUXQFDWHGPRRULQJOLQHVIRUWKH)XOO/RDGFRQGLWLRQZHUHFDUULHGRXW7KHWHVW ?
DUUDQJHPHQWVKRZQLQ)LJ&DVH%ZDVXVHGIRUWKHGHFD\WHVWLQFDOPZDWHU7KHQDWXUDO ?
SHULRGIRUWKHµ,QOLQH¶FDVHZDVIRXQGWREHVDQGVIRUWKHµ%HWZHHQOLQHV¶FDVH ?
 ?

7KH VOLJKWO\ KLJKHU QDWXUDO SHULRG IRU WKH µ%HWZHHQOLQHV¶ FDVH ZDV GXH WR D UHGXFHG ?
FRQWULEXWLRQRIWKHKRUL]RQWDOUHVWRULQJIRUFHVIURPWKHWUXQFDWHGPRRULQJLQWKLVGLUHFWLRQDV ?
VKRZQLQ)LJVWR ?
,QFRQWUDVWWRFDVH$)LJWKHGDPSLQJUDWLRVREWDLQHGIURPWKHGHFD\WHVWVRIFDVH% ?
)LJZHUHGHSHQGHQWRQWKHDPSOLWXGHRIRVFLOODWLRQSULPDULO\GXHWRWKHIORZVHSDUDWLRQ ?
IURPWKHLQWHUDFWLRQRIWKHPRRULQJOLQHVZLWKWKHFDOPZDWHU)LJVKRZVWKDWWKHHVWLPDWHG ?
GDPSLQJUDWLRVDUHDOPRVWDWWKHVDPHOHYHORIPDJQLWXGHIRUERWKFROOLQHDUFDVHVµ,QOLQH¶DQG ?
µEHWZHHQOLQHV¶ ?
 ?
)362PRGHOZLWKERWKPRRULQJOLQHVDQGULVHUVLQWKH)XOOORDGFRQGLWLRQ ?
7KH IXOO DUUDQJHPHQW RI WKH )362 PRGHO ZDV DOVR WHVWHG WRJHWKHU ZLWK WKH WUXQFDWHG ?
PRRULQJOLQHVDQGULVHUV7KHWZRGLIIHUHQWGLUHFWLRQDODUUDQJHPHQWVµ,QOLQH¶DQGµ%HWZHHQ ?
OLQHV¶ZHUHDOVRXVHGWRHYDOXDWHWKHDGGLWLRQDOHIIHFWVRIWKHULVHUV\VWHPVHH)LJFDVH ?
&7KHQDWXUDOSHULRGIRUWKHµ,QOLQH¶FDVHZDVIRXQGWREHVDQGIRUWKHµ%HWZHHQ ?
OLQHV¶FDVHWKHQDWXUDOSHULRGZDVIRXQGWREHV ?
)LJVKRZVWKHWUHQGVRIWKHGDPSLQJUDWLRVRIWKH)362PRGHOZLWKPRRULQJOLQHVDQG ?
WKH)362PRGHOZLWKPRRULQJOLQHVDQGULVHUVIRUWKHµ,QOLQH¶DQGµ%HWZHHQOLQHV¶FDVHVLQ ?
VXUJHGLUHFWLRQUHVSHFWLYHO\6LJQLILFDQWFRQWULEXWLRQVRIWKHPRRULQJOLQHVDQGWKHULVHUVWRWKH ?
WRWDOGDPSLQJRIWKHFRPSOHWHV\VWHPDUHHYLGHQW1RWDEO\WKHULVHUV\VWHPPDNHVDJUHDWHU ?
FRQWULEXWLRQWRWKHRYHUDOOGDPSLQJIRUWKHµ,QOLQH¶FDVHLQWKHVXUJHGLUHFWLRQ ?
7KHQDWXUDOSHULRGDQGWKHHVWLPDWHGDYHUDJHGDPSLQJUDWLRVRIWKHµ,QOLQH¶DQGµ%HWZHHQ ?
OLQHV¶FDVHVDUHVKRZQLQ7DEOH ?
E0RWLRQUHVSRQVH±OLQHDUWUDQVIHUIXQFWLRQV5$2V ?
7KH5$2VIRUHDFKRIWKHVL['2)ZHUHFDOFXODWHGDWWKH&*RIWKH)362PRGHO7KH ?
GLUHFWLRQVRIWKHZKLWHQRLVHZDYHVIRUWKHVWXGLHVZHUHUHODWLYHWRWKHVKLSKHDGVHDV ?
TXDUWHULQJVHDVDQGEHDPVHDVFRQGLWLRQV ?
 ?

)362PRWLRQLQKHDGVHDV ?
7KHVXUJHKHDYHDQGSLWFKPRWLRQ5$2VRIWKH)362PRGHODUHWKHPRVWLPSRUWDQWPRWLRQ ?
PRGHVIRUWKHKHDGVHDFRQGLWLRQV)LJ%RWKWKH)XOOORDGDQG%DOODVWORDGFRQGLWLRQVIRU ?
VXUJH 5$2 VKRZ D VOLJKWO\ FRXSOHG HIIHFW ZLWK WKH KHDYH PRWLRQ QHDU WKH KHDYH QDWXUDO ?
IUHTXHQF\Z UDGVDQGWKHPD[LPXPDPSOLWXGHLQFUHDVLQJDWDORZHUIUHTXHQF\RI ?
UDGV'LIIHUHQFHVEHWZHHQWKH)XOODQG%DOODVWORDGFRQGLWLRQVZHUHIRXQGWREHLQVLJQLILFDQW ?
2QWKHRWKHUKDQGVOLJKWGLIIHUHQFHVEHWZHHQWKH)XOODQG%DOODVWORDGFRQGLWLRQVIRUWKHKHDYH ?
5$2ZHUHREVHUYHGQHDUWKHQDWXUDOKHDYHIUHTXHQF\ZKLFKVKRZVWKDWWKHPDJQLWXGHRIWKH ?
KHDYH5$2IRU)XOOORDGFRQGLWLRQZDVVOLJKWO\KLJKHUWKDQWKDWIRUWKH%DOODVW/RDGFRQGLWLRQ ?
)XUWKHUPRUH WKHDPSOLWXGHRI WKHSLWFK5$2FORVH WR WKHQDWXUDO IUHTXHQF\ZDV UHODWLYHO\ ?
VPDOOZKLFKLVDWWULEXWHGWRWKHIDFWWKDWWKHOHQJWKRIWKH)362PRGHO¶VLVJUHDWHUWKDQWKH ?
LQFLGHQWZDYHOHQJWK ?
)362PRWLRQLQEHDPVHDV ?
)RU WKH EHDP VHDV LQFLGHQW ZDYH FRQGLWLRQ UROO VZD\ DQG \DZ 5$2V DUH WKH PRVW ?
LPSRUWDQW)RUERWK)XOODQG%DOODVWORDGFRQGLWLRQV)LJVKRZVQRVLJQLILFDQWGLIIHUHQFHV ?
LQWKHVZD\SLWFKDQG\DZ5$2V+RZHYHUWKHUROO5$2VIRUWKHWZRORDGFRQGLWLRQVVKRZ ?
GLIIHUHQFHVLQERWKDPSOLWXGHDQGUHVRQDQWIUHTXHQF\7KHUROO5$2IRUWKH)XOOORDGFRQGLWLRQ ?
SRVVHVVHVDKLJKHUPD[LPXPSHDNDPSOLWXGHDWDIUHTXHQF\HTXDOWRUDGVWKDQWKDWIRU ?
WKH%DOODVWORDGFRQGLWLRQ,QFRQWUDVWWKHVKDSHRIWKHUROO5$2IRUWKH%DOODVW/RDGFRQGLWLRQ ?
LVZLGHUWKDQWKHUROO5$2IRUWKH)XOOORDGFRQGLWLRQ ?
)362PRWLRQLQTXDUWHULQJVHDV ?
)XUWKHUPRUH IRU WKHTXDUWHULQJ VHD LQFLGHQW ZDYH FRQGLWLRQ WKH VL[ '2) VXUJH VZD\ ?
KHDYHUROOSLWFKDQG\DZPRWLRQ5$2VDUHDOOLPSRUWDQW$OOVL['2)PRWLRQVVKRZFRXSOHG ?
HIIHFWV IRU ERWK )XOO ORDG DQG %DOODVW ORDG FRQGLWLRQV )LJ  7KH KLJKHVW DPSOLWXGH LV ?
REVHUYHGLQWKHUROOPRWLRQZKLFKLVVLPLODUIRU)XOODQG%DOODVWORDGFRQGLWLRQVZKHUHDVWKH ?
UHVRQDQFH IUHTXHQF\ LVVPDOOHU IRU WKH )XOO ORDG  UDGV FRPSDUHG WR WKH %DOODVW ORDG ?
 ?

FRQGLWLRQUDGV'LIIHUHQFHVEHWZHHQWKH)XOO ORDGDQG%DOODVW ORDGFRQGLWLRQVIRUWKH ?
RWKHUPRWLRQVZHUHIRXQGWREHLQVLJQLILFDQW ?
7KHDPSOLWXGHRIPRWLRQUHVSRQVHVRIWKH5$2VDUHVHQVLWLYHWRWKHGLUHFWLRQRIWKHLQFLGHQW ?
ZDYH DQG WKH GLIIHUHQFHV EHWZHHQ WKH )XOO DQG %DOODVW ORDG FRQGLWLRQV ZHUH IRXQG WR EH ?
LQVLJQLILFDQWH[FHSWIRUWKHUROOPRWLRQZKLFKVKRZHGVOLJKWGLIIHUHQFHVLQUHVRQDQWIUHTXHQF\ ?
UHVSRQVHVDQGPD[LPXPSHDNPRWLRQDPSOLWXGHV ?
7KHPRWLRQVUHVSRQVHVRIWKH5$2VIURPH[SHULPHQWDODQGFDOFXODWHGQXPHULFDOXVLQJD ?
FRPPHUFLDOFRPSXWHUSURJUDP6(6$0ZHUHFRPSDUHGIRU)XOO/RDGFRQGLWLRQ7KH ?
YLVFRXVUROOGDPSLQJZDVLGHQWLILHGWREHLPSRUWDQWWRWKHUROO5$2ZKLOHWKRVHIRUVXUJHVZD\ ?
\DZSLWFKDQGKHDYHDSSHDUHGWREHOHVVLPSRUWDQW7KLVZDVDWWULEXWHWRWKDWWKHUROOPRWLRQ ?
5$2 LV GRPLQDWHGE\ WKH UHVRQDQW UHVSRQVH DQG ZKLFKKDV WKHVWURQJ LQIOXHQFH IURP WKH ?
YLVFRXVHIIHFWVGXHWRWKHYRUWLFHVWKDWDUHJHQHUDWHGE\WKHELOJHNHHOVRIWKH)362PRGHO ?
ZKHUHDVWKHRWKHUOLQHDUPRWLRQ5$2VDUHODUJHO\JRYHUQHGE\WKHLQHUWLDRIWKH)362PRGHO ?
)LJVWRVKRZWKH5$2VIRUWKHVL['2)LQWKH)XOO/RDGFRQGLWLRQ,WLVREVHUYHGWKDW ?
WKHH[SHULPHQWDOUHVXOWVSURYLGHDJRRGDJUHHPHQWFRPSDUHGWRWKHQXPHULFDODQDO\VLV7KXV ?
WKH PHDVXUHG 5$2V IRU WKH PRGHO )362 UHOLDEO\ UHSURGXFHG WKDW RI WKH SURWRW\SH )362 ?
FDOFXODWHGQXPHULFDO ?
F0RWLRQUHVSRQVHVSHFWUDIRUWKH)362 ?
7KHPRWLRQUHVSRQVHVSHFWUDLQIUHTXHQF\GRPDLQRIWKHVL['2)ZHUHFDOFXODWHGXVLQJ ?
WKHWLPHVHULHVIURPWKHH[SHULPHQWVXVLQJWKH)DVW)RXULHUWUDQVIRUP$E\SDVVILOWHUHTXDO ?
WRIRUWKHORZIUHTXHQF\UDQJHDQGIRUWKHKLJKIUHTXHQF\ZHUHDSSOLHGWRUHPRYHSRVVLEOH ?
QRLVHLQWKHLQLWLDOUHFRUGHGVLJQDO ?
 ?
 ?
 ?
 ?

L)362LQ&ROOLQHDUDQGQRQFROOLQHDUHQYLURQPHQWVIRUWKH)XOOORDGFRQGLWLRQ ?
7KHPRWLRQUHVSRQVHVSHFWUXPRIWKH)362PRGHOFRPSOHWHZLWKWKHPRRULQJOLQHVDQG ?
ULVHUVH[SRVHGWRWKHFROOLQHDUDQGQRQFROOLQHDUHQYLURQPHQWDOORDGFRQGLWLRQVRIWKHLUUHJXODU ?
ZDYHVFXUUHQWDQGZLQGZHUHVWXGLHGIRUWKH)XOOORDGFRQGLWLRQDVLOOXVWUDWHGLQ)LJ7KH ?
PRWLRQ UHVSRQVHVSHFWUD IRUVXUJHKHDYH UROODQGSLWFKZHUHDQDO\VHG7KHVXUJHPRWLRQ ?
UHVSRQVHVSHFWUDRIWKH)362PRGHOZHUHDQDO\VHGZLWKPRRULQJOLQHVRQO\DQGZLWKERWK ?
PRRULQJOLQHVDQGULVHUV ?
)362PRGHOZLWKPRRULQJOLQHVRQO\ ?
7KH VXUJH PRWLRQ UHVSRQVH VSHFWUD RI WKH )362 PRGHO LQ )XOO ORDG FRQGLWLRQ IRU WKH ?
µ%HWZHHQOLQHV¶ DQG 1RQFROOLQHDU FDVHV VKRZ WKH VDPH OHYHO RI PD[LPXP SHDN HQHUJ\ ?
DPSOLWXGHLQWKHUHVRQDQFHIUHTXHQF\ZKHUHDVWKHµ,QOLQH¶FDVHVKRZVDVPDOOHUSHDNHQHUJ\ ?
DPSOLWXGH7KLVLQGLFDWHVWKDWWKHµ,QOLQH¶FDVHSURYLGHVPRUHGDPSLQJIURPWKHPRRULQJOLQHV ?
ZKLOHµ%HWZHHQOLQHV¶FDVHDQG1RQFROOLQHDUFDVHKDYHOHVVUHVWRULQJIRUFHFRQWULEXWLRQLQWKH ?
VXUJH GLUHFWLRQ ZLWK VOLJKWO\ ORZHU UHVRQDQFH IUHTXHQFLHV )LJ  7KH PRWLRQ UHVSRQVH ?
VSHFWUDVKRZWKDWRQO\HQHUJ\DWWKHORZIUHTXHQF\UDQJHKDVDQRWDEOHLQIOXHQFHRQWKHJOREDO ?
UHVSRQVH ZKHUHDV WKH ZDYH IUHTXHQF\ UHVSRQVH FRQWULEXWLRQ LV QHJOLJLEOH LQ WKH VXUJH ?
GLUHFWLRQ )XUWKHUPRUH LW LV NQRZQ WKDW WKH ZDYHFXUUHQW LQWHUDFWLRQ WHQGV WR LQIOXHQFH WKH ?
YLVFRXVGULIWGDPSLQJWKDW LVUHVSRQVLEOHIRUWKHORZIUHTXHQF\VXUJHPRWLRQVHHHJ'HY ?
$VREVHUYHGLQ)LJWKHSHDNRIORZIUHTXHQF\VXUJHUHVSRQVHLQFROOLQHDUµ,QOLQH¶ ?
HQYLURQPHQWFRQGLWLRQZDYHFXUUHQWZLQGLVVPDOOHUWKDQWKDWLQµ,QOLQH¶ZDYHRQO\FRQGLWLRQ ?
LQGLFDWLQJ WKDW WKH ZDYHFXUUHQW LQWHUDFWLRQ LQ FROOLQHDU µ,QOLQH¶ HQYLURQPHQW FRQGLWLRQ ?
ZDYHFXUUHQWZLQG LQFUHDVHV WKH YLVFRXV GULIW GDPSLQJ RQ WKH )362 PRGHO 2Q WKH ?
FRQWUDU\ WKHSHDNVXUJH UHVSRQVH LQ WKHQRQFROOLQHDU FDVH ZDYHFXUUHQWZLQG LV ODUJHU ?
WKDQ WKDW LQFROOLQHDUHQYLURQPHQWFRQGLWLRQ ZDYHFXUUHQWZLQG LQGLFDWLQJ WKDW WKHZDYH ?
FXUUHQWZLQG LQWHUDFWLRQ LQ QRQFROOLQHDU HQYLURQPHQW FRQGLWLRQ GHFUHDVHV WKH YLVFRXV GULIW ?
GDPSLQJ ?
 ?

2QWKHRWKHUKDQGWKHZDYHIUHTXHQF\PRWLRQVUROOKHDYHDQGSLWFKZHUHDQDO\VHGIRU ?
WKHFROOLQHDUFDVHVDQGWKHQRQFROOLQHDUFDVHVDQGWKHUHVXOWVZHUHSUHVHQWHGLQ)LJVWR ?
5ROOPRWLRQUHVSRQVHIRUWKHQRQFROOLQHDUFDVHZDVREVHUYHGWRKDYHWKHKLJKHVWHQHUJ\ ?
DPSOLWXGH )LJ  7KH KHDYH DQG SLWFK PRWLRQ UHVSRQVHV ZHUH DOVR KLJKHU LQ WKH QRQ ?
FROOLQHDUFDVHFRPSDUHGWRWKHFROOLQHDUFDVHV)LJVWR7KHFRXSOHGKHDYHDQGSLWFK ?
PRWLRQUHVSRQVHVZHUHREVHUYHGLQERWKWKHFROOLQHDUDQGQRQFROOLQHDUFDVHVSDUWO\GXHWR ?
WKHUHVRQDQFHIUHTXHQFLHVIRUSLWFKDQGKHDYHDUHFORVHWRHDFKRWKHU0RUHRYHUWKHRULJLQ ?
RI WKH ERG\IL[HG FRRUGLQDWH V\VWHPV DW ZKLFK WKH VXUJH VZD\ DQG KHDYH PRWLRQV DUH ?
UHIHUHQFHGLVWKHWXUUHWORFDWLRQZKLFKLVQHDUWKHERZRIWKHVKLS&RQVHTXHQWO\WKHFRXSOHG ?
JHRPHWULFUHVSRQVHEHWZHHQKHDYHDQGSLWFKPRWLRQVLQZKLFKSLWFKPRWLRQVWHQGWRVKRZXS ?
DVKHDYHLQDGGLWLRQWRSXUHYHUWLFDOPRWLRQVRIWKH)362PRGHO$VFDQEHVHHQLQ)LJV ?
DQGWKHJHRPHWULFFRXSOLQJEHWZHHQKHDYHDQGSLWFKLVGRPLQDQWHIIHFWWKDQWKDWGXHWR ?
HQHUJ\WUDQVIHUEHWZHHQWKHKHDYHDQGSLWFKPRGHVLQWKLVFDVH´ ?
)RUWKHPRVWORDGHGPRRULQJOLQH)LJVKRZVWKDWWKHKLJKHVWSHDNHQHUJ\DPSOLWXGHRI ?
WKH OLQH WHQVLRQ UHVSRQVH VSHFWUXP LV REVHUYHG LQ WKH µ,QOLQH¶ FDVH / IRU WKH )XOO ORDG ?
FRQGLWLRQ ZKLFK LV DVVRFLDWHG ZLWK WKH KLJKHU PHDQ ORDG FRQGLWLRQ FRPSDUHG WR WKH RWKHU ?
FDVHV7KH OLQH WHQVLRQ UHVSRQVHVSHFWUXP/VKRZV WKDWRQO\ WKH ORZ IUHTXHQF\ UDQJH ?
HQHUJ\ KDV D GRPLQDQW LQIOXHQFH RQ WKH JOREDO UHVSRQVH ZKHUHDV WKH ZDYH IUHTXHQF\ ?
UHVSRQVHFRQWULEXWLRQLVQHJOLJLEOH ?
)362PRGHOZLWKPRRULQJOLQHVDQGULVHUV ?
7KHPRWLRQUHVSRQVHVSHFWUDRIWKH)362PRGHOZLWKPRRULQJOLQHVDQGULVHUVIRUWKH)XOO ?
ORDG FRQGLWLRQ ZHUH DQDO\VHG IRU WKH HQYLURQPHQW ORDGLQJ FDVH ZLWK WKH PD[LPXP PRWLRQ ?
UHVSRQVHVLGHQWLILHGSUHYLRXVO\VXUJHDQGUROOPRWLRQLQQRQFROOLQHDUFDVHV)LJVKRZV ?
WKHVXUJHPRWLRQUHVSRQVHZLWKDSHDNHQHUJ\DVVRFLDWHGZLWKDORZIUHTXHQF\RIUDGV ?
ZKLFKZDVREVHUYHGIRUWKHV\VWHPZLWKPRRULQJOLQHVRQO\DQGDIUHTXHQF\RIUDGV ?
ZDVREVHUYHGIRUWKHV\VWHPZLWKERWKPRRULQJOLQHVDQGULVHUVUHVSHFWLYHO\7KHSHDNHQHUJ\ ?
 ?

DW WKH UHVRQDQW IUHTXHQF\RI WKH)362 PRGHOZLWKPRRULQJ OLQHVDQG ULVHUVGHFUHDVHV E\ ?
DSSUR[LPDWHO\FRPSDUHG WR WKHV\VWHPZLWKPRRULQJ OLQHVRQO\ GXH WR WKH DGGLWLRQDO ?
GDPSLQJFRQWULEXWLRQIURPWKHULVHUV ?
,Q WKH UDQJH RI WKH ZDYH IUHTXHQF\ PRWLRQ WKH UROO PRWLRQ VSHFWUXP ZDV DQDO\VHG WR ?
H[DPLQHWKHLQIOXHQFHRIWKHULVHUVRQWKHUROOPRWLRQUHVSRQVH)LJVKRZVWKDWWKHSHDN ?
DPSOLWXGHGHFUHDVHVE\ZKHQWKHULVHUVDUHLQFOXGHG+RZHYHUWKHIUHTXHQF\DVVRFLDWHG ?
ZLWKWKHSHDNDPSOLWXGHDSSHDUVWREHQRWDIIHFWHGE\WKHULVHUVGXHWRVPDOOFRQWULEXWLRQRI ?
UHVWRULQJ IRUFHV IURP WKH ULVHUV )LJ  VKRZV WKH PRRULQJ OLQH WHQVLRQ UHVSRQVH IRU WKH ?
PD[LPXPORDGHGOLQH/LQWKHµ,QOLQH¶FDVHXQGHUWKH)XOOORDGFRQGLWLRQ7KHUHVSRQVH ?
VSHFWUXPIRUWKHPD[LPXPORDGHGULVHU5LVSUHVHQWHGLQWKHQRQFROOLQHDUFDVH)LJ ?
EHFDXVHWKHZDYHIUHTXHQF\PRWLRQUHVSRQVHLVVOLJKWO\KLJKHUWKDQWKHFROOLQHDUFDVHV ?
LL)XOOYV%DOODVWORDGFRQGLWLRQIRUWKHQRQFROOLQHDUHQYLURQPHQWORDGLQJFDVH ?
7KH%DOODVW/RDGFRQGLWLRQRIWKH)362PRGHOLQWKHWHVWPDWUL[ZDVRQO\FRQVLGHUHGLQWKH ?
QRQFROOLQHDUFDVH$FRPSDULVRQEHWZHHQ)XOOORDGDQG%DOODVWORDGFRQGLWLRQVIRUWKHQRQ ?
FROOLQHDU FDVH ZDV FDUULHG RXW IRU WKH PD[LPXP ORZ IUHTXHQF\ PRWLRQ VXUJH PRWLRQ DQG ?
WHQVLRQLQWKHPRVWFULWLFDOPRRULQJOLQH ?
)LJVKRZVWKDWWKH)XOOORDGFRQGLWLRQKDVDKLJKHUSHDNDPSOLWXGHFRPSDUHGZLWKWKH ?
%DOODVW/RDGFRQGLWLRQ0RUHRYHUWKHLQIOXHQFHRIULVHUGDPSLQJLQWKHUHVSRQVHDPSOLWXGHLV ?
LPSRUWDQW 7KH KLJKHVW SHDN HQHUJ\ DPSOLWXGH RI WKH OLQH WHQVLRQ UHVSRQVH VSHFWUXP LV ?
SHUFHLYHGLQWKH)362PRGHOZLWKPRRULQJ OLQHVRQO\IRU WKHQRQFROOLQHDUFDVHLQWKH)XOO ?
ORDGFRQGLWLRQ)LJ ?
G6WDWLVWLFDO$QDO\VHV ?
7KHWLPHVHULHVPRWLRQUHVSRQVHVLQWKHVL['2)RIWKH)362PRGHOLQ)XOOORDGDQG%DOODVW ?
/RDG FRQGLWLRQV DQG WKH PRVW ORDGHG PRRULQJ OLQH DQG ULVHU ZHUH IXUWKHU H[DPLQHG 7KH ?
FROOLQHDU µ,QOLQH¶ µ%HWZHHQOLQH¶ DQG 1RQFROOLQHDU HQYLURQPHQW FRQGLWLRQV RI WKH LUUHJXODU ?
 ?

ZDYHVFXUUHQWDQGZLQGDVSUHYLRXVO\GHILQHGZHUHXVHGLQWKHDQDO\VLV7KHFRPSDULVRQV ?
ZHUHPDGHLQWHUPVRIWKHLUVWDWLVWLFDOSURSHUWLHVVXFKDVWKHPHDQPLQLPXPDQGPD[LPXP ?
YDOXHVDQGWKHDVVRFLDWHGVWDQGDUGGHYLDWLRQVLQIXOOVFDOH ?
7KHGHWDLOHGH[SHULPHQWDOLQIRUPDWLRQRIWKHWLPHVHULHV\DZPRWLRQUHVSRQVHVDQGRIIVHW ?
WUDMHFWRULHVDORQJRIWXUUHWFHQWUHIRUWKHQRQFROOLQHDUFDVHFDQEHVHHQLQ)LJVWR ?
L&ROOLQHDUYVQRQFROOLQHDUHQYLURQPHQWORDGLQJFDVHVIRUWKH)XOOORDGFRQGLWLRQ ?
)362PRGHOZLWKPRRULQJOLQHV ?
7KHPD[LPXPPRWLRQUHVSRQVHVZHUHREVHUYHGWREHLQWKH ORZIUHTXHQF\UDQJHLQWKH ?
VXUJHGLUHFWLRQ IRUDOOHQYLURQPHQWDO ORDGLQJFDVHV7KHPD[LPXPPRWLRQVRFFXUUHG LQ WKH ?
VXUJHGLUHFWLRQGXHWRWKHPRRULQJOLQHLQWHUQDOWXUUHWV\VWHPZKLFKDOORZHGWKH)362WRURWDWH ?
IUHHO\ DERXW WKH PRRULQJV VLPLODU WR D ZHDWKHU YDQH DQG WR SRLQW LQ WKH GLUHFWLRQ RI OHDVW ?
UHVLVWDQFHDJDLQVWWKHYDULRXVFRPELQHGFRPSRQHQWVLQWKHHQYLURQPHQWORDGLQJFRQGLWLRQV ?
$PD[LPXPVXUJHPRWLRQUHVSRQVHRIPRFFXUUHGLQWKHQRQFROOLQHDUFDVHIRUWKH ?
DUUDQJHPHQWRIWKH)362PRGHODQGPRRULQJOLQHVFRPSDUHGWRWKHFRUUHVSRQGLQJFROOLQHDU ?
µ,QOLQH¶FRQGLWLRQPDQGFROOLQHDUµ%HWZHHQOLQHV¶FRQGLWLRQPUHVSHFWLYHO\DV ?
VKRZQLQ7DEOH&OHDUO\QHJDWLYHYDOXHVRIVXUJHPRWLRQLQGLFDWHWKDWWKHYHVVHOLVPRYLQJ ?
LQ DQ DIWZDUG GLUHFWLRQ WKH UHFLSURFDO WR WKH FRQYHQWLRQDO VXUJH VHQVH DV D UHVXOW RI WKH ?
ZHDWKHUYDQHURWDWLRQDERXWWKHWXUUHW ?
7KLVEHKDYLRXULVPDLQO\GXHWRWKHQRQFROOLQHDUHQYLURQPHQWORDGLQJFRQGLWLRQZLWKWKH ?
FXUUHQWDWGHJUHHVUHODWLYHWRWKHLQFLGHQWZDYHZKLFKLQFUHDVHVWKHHQHUJ\RIWKHLQFLGHQW ?
LUUHJXODU ZDYHV &KDNUDEDUWL  7KHUHIRUH WKH PHDQ DQG G\QDPLF VXUJH PRWLRQ ?
UHVSRQVHVLQFUHDVHLQWKH)362PRGHO)DOWLQVHQ6WDQVEHUJHWDORZLQJWRWKH ?
LQFUHDVH RI WKH PHDQDQGVORZGULIW H[FLWDWLRQZDYH %DVHGRQ WKH FRPSDULVRQZDVPDGH ?
EHWZHHQ FROOLQHDU DQG QRQFROOLQHDU HQYLURQPHQWDO ORDGLQJ FRQGLWLRQV WKH PHDQ PRWLRQ ?
UHVSRQVHLQWKHVXUJHGLUHFWLRQZDVREVHUYHGWREHKLJKHULQWKHQRQFROOLQHDUFDVH ?
 ?

PFRPSDUHGZLWKWKHFROOLQHDUFDVHVµ,QOLQH¶FDVH PDQGµ%HWZHHQOLQHV¶FDVH  ?
P7KH ORZ IUHTXHQF\VZD\DQG\DZPRWLRQV LQ WKHQRQFROOLQHDUFDVH LQ WHUPVRI ?
DEVROXWHYDOXHVUHVXOWHGLQPD[LPXPPRWLRQVRIPDQGGHJUHHVUHVSHFWLYHO\ ?
FRPSDUHG ZLWK WKH µ,QOLQH¶ FRQGLWLRQ VZD\  P DQG \DZ  GHJUHHV DQG WKH ?
µ%HWZHHQOLQHV¶FRQGLWLRQVZD\ PDQG\DZ GHJUHHV ?
2QWKHRWKHUKDQGWKHHIIHFWVRIWKH\DZPRWLRQLQWKHZDYHIUHTXHQF\DOVRLQIOXHQFHGWKH ?
PRWLRQVRIUROOKHDYHDQGSLWFK,QWKHQRQFROOLQHDUFDVHWKHPRWLRQVLQWHUPVRIDEVROXWH ?
YDOXHVUROO GHJUHHKHDYH PDQGSLWFK GHJUHHVZHUHIRXQGWREHKLJKHU ?
WRWKRVHLQWKHFROOLQHDUFDVHV,WLVZRUWKQRWLQJWKDWLQWKHQRQFROOLQHDUFDVHWKHLQFLGHQW ?
ZDYH OHQJWK HIIHFWLYHO\ LQFUHDVHV GXH WR WKH ZDYHFXUUHQW LQWHUDFWLRQ DQG WKH OHQJWK UDWLR ?
EHWZHHQWKH)362PRGHODQGZDYHOHQJWKZDVOHVVWKDQRQHLQWKHSUHVHQWVWXG\OHDGLQJWR ?
WKHLQFUHDVHGZDYHIUHTXHQF\PRWLRQV ?
)XUWKHUPRUHWKHPD[LPXPWHQVLRQLQWKHPRVWFULWLFDOOLQH/ZDVIRXQGWREH ?
N1LQWKHQRQFROOLQHDUFDVHPDLQO\EHFDXVHRIWKHKLJKHUFRQWULEXWLRQRIWKHFRXSOHGVXUJH ?
VZD\PRWLRQUHVSRQVHVZKLOHWKHPD[LPXPPHDQWHQVLRQZDVREVHUYHGLQWKHFROOLQHDUµ,Q ?
OLQH¶FDVH/N1DFOHDULQGLFDWLRQWKDWPRRULQJOLQHVLQWKHQRQFROOLQHDUFRQGLWLRQ ?
DUHPRUHVHQVLWLYHWRWKHG\QDPLFUHVSRQVH ?
)362PRGHOZLWKPRRULQJOLQHVDQGULVHUV ?
7DEOHVKRZVWKHVWDWLVWLFDOUHVXOWVIRUWKH)362PRGHOFRPSOHWHZLWKPRRULQJOLQHVDQG ?
ULVHUVLQWKHIXOORSHUDWLRQDOFRQILJXUDWLRQ7KHQRQFROOLQHDUFDVHDOVRVKRZHGVOLJKWO\KLJKHU ?
VWDWLVWLFDOYDOXHVIRU ORZIUHTXHQF\VXUJHPRWLRQPFRPSDUHGWRWKHUHVXOWVIRUWKH ?
FROOLQHDUµ%HWZHHQOLQHV¶FDVHVXUJH PDQGDPXFKVPDOOHUYDOXHVXUJH  ?
PIRUWKHFROOLQHDUµ,QOLQH¶FDVH7KHKLJKHVWPRWLRQUHVSRQVHLQWKHQRQFROOLQHDUFDVHZDV ?
PDLQO\DWWULEXWHGWRWKHLQWHUDFWLRQZDYHFXUUHQWORDGZKLFKLQFUHDVHVWKHPHDQGULIWIRUFHDQG ?
VORZGULIWH[FLWDWLRQIRUFHVRQWKH)362PRGHO)RU\DZPRWLRQVWKHQRQFROOLQHDUFRQGLWLRQ ?
WHQGVWRLQGXFHWKHKLJKHVWPHDQPRWLRQGHJUHHVFRPSDUHGZLWKFROOLQHDUFRQGLWLRQV ?
 ?

DVH[SHFWHG,QWKHFDVHRIWKHZDYHIUHTXHQF\LQGXFHGPRWLRQVRIKHDYHSLWFKDQGUROOWKH ?
QRQFROOLQHDUFDVHDOVRVKRZHG WKHKLJKHVWYDOXHVZKLFKFDQEHDWWULEXWHG WR WKHFRXSOHG ?
HIIHFWIURPWKH\DZPRWLRQV ?
7KHPD[LPXPWHQVLRQLQWKHPRVWORDGHGPRRULQJOLQH/ZDVN1ZKLFKZDV ?
REVHUYHGLQWKHµ,QOLQH¶FDVHZKHUHDVWKHPRVWFULWLFDOWHQVLRQLQWKHULVHUVIRU5ZDV ?
N1LQWKHQRQFROOLQHDUFDVHPDLQO\GXHWRWKHLQFUHDVHLQZDYHIUHTXHQF\PRWLRQ ?
7KHLQIOXHQFHRIWKHULVHUV\VWHPRQWKHPD[LPXPPRWLRQUHVSRQVHDQGG\QDPLFWHQVLRQ ?
UHVSRQVHRIWKHPRRULQJOLQHVIRUWKHPRVWFULWLFDOFDVH1RQFROOLQHDULQ)XOOORDGFRQGLWLRQ ?
ZDVWHVWHGDQGWKHUHVXOWVDUHSUHVHQWHG LQ7DEOHDQG7KHPRWLRQUHVSRQVH LQVXUJH ?
GLUHFWLRQZDV UHGXFHGE\ZLWKDVWDQGDUGGHYLDWLRQRI7KHGLIIHUHQFHV LQPHDQ ?
PRWLRQUHVSRQVHZHUHUHODWLYHO\VPDOOZKHQWKHULVHUV\VWHPZDVFRQVLGHUHG7KHFRQWULEXWLRQ ?
RI ULVHUV WR WKH PD[LPXP UHVSRQVH DUH PDLQO\ IURP WKH K\GURG\QDPLF GDPSLQJ ZKLFK ?
GHFUHDVHG WKH G\QDPLFPRWLRQ UHVSRQVH 7KH PD[LPXP G\QDPLF WHQVLRQ UHVSRQVH RI WKH ?
PRVW ORDGHGPRRULQJ OLQH/GHFUHDVHGE\DQGDJDLQWKHGLIIHUHQFHLQPHDQWHQVLRQ ?
UHVSRQVHLVQHJOHFWHGZKHQWKHULVHUV\VWHPZDVFRQVLGHUHG ?
LL)XOOORDGFRQGLWLRQYV%DOODVWORDGFRQGLWLRQXQGHUWKHQRQFROOLQHDUHQYLURQPHQW ?
)362PRGHOZLWKPRRULQJOLQHV ?
7KHVWDWLVWLFDOYDOXHVIRUWKH%DOODVW/RDGFRQGLWLRQRIWKH)362PRGHOZHUHVWXGLHGIRUWKH ?
QRQFROOLQHDUFDVHRQO\7DEOHVKRZV WKDW WKHPD[LPXPPRWLRQ UHVSRQVH IRU WKH%DOODVW ?
/RDGFRQGLWLRQLQWKHVXUJHGLUHFWLRQPDQGWKHUHVXOWVIRUWKH)XOOORDGFRQGLWLRQ ?
PLVIRXQGWREHFRQVLGHUDEO\ODUJHU7KHVDPHWUHQGLVREVHUYHGIRUWKHPHDQPRWLRQ ?
DQGVWDQGDUGGHYLDWLRQ)LJVWR+RZHYHUWKHPD[LPXPVZD\PRWLRQUHVSRQVH ?
P IRU WKH %DOODVW /RDG FRQGLWLRQ WHQGV WR EH PDUJLQDOO\ ODUJHU WKDQ WKDW IRU WKH )XOO ORDG ?
FRQGLWLRQP7KLVLVPDLQO\DWWULEXWHGWRWKHIDFWWKDWIRUWKH%DOODVW/RDGFRQGLWLRQWKH ?
PHDQPD[LPXPDQGPLQLPXPYDOXHVRIWKH\DZUHVSRQVHLQWHUPVRIDEVROXWHYDOXHVDUH ?
KLJKHUDQGGHJUHHVUHVSHFWLYHO\WKDQWKRVHIRUWKH)XOOORDGFRQGLWLRQ ?
 ?

DQGGHJUHHV7KHUHODWLYHLQFUHDVHVRIWKH\DZPRWLRQVFDQEHDWWULEXWHG ?
WRWKHODUJHUSURMHFWHGDUHDRIWKH)362PRGHOH[SRVHGWRZLQGIRUWKH%DOODVW/RDGFRQGLWLRQ ?
WKDWIRUWKH)XOOORDGFRQGLWLRQZKLFKLVGXHWRWKHGLIIHUHQFHVLQWKHGUDXJKWV7KHKLJKHU\DZ ?
UHVSRQVHVOHDGWRVOLJKWLQFUHDVHVRIWKHZDYHIUHTXHQF\PRWLRQLQUROOKHDYHDQGSLWFKIRU ?
WKH%DOODVW/RDGFRQGLWLRQ ?
7KHPD[LPXPOLQHWHQVLRQZDVREVHUYHGLQ/N1IRUWKH%DOODVW/RDGFRQGLWLRQ ?
ZKLFK LV VOLJKWO\ KLJKHU WKDQ WKDW IRU )XOO ORDG FRQGLWLRQ  N1 LQ WKH QRQFROOLQHDU ?
HQYLURQPHQW7KLVFDQEHDWWULEXWHGWRWKHKLJKHUFRXSOHGVXUJHDQGVZD\PRWLRQUHVSRQVHV ?
DQGWKHGLIIHUHQFHVLQWKHGUDXJKWVRIWKH)362PRGHO ?
 ?
)362PRGHOZLWKPRRULQJOLQHVDQGULVHUV ?
7KHPD[LPXPPRWLRQUHVSRQVHIRUWKH%DOODVW/RDGFRQGLWLRQZDVPLQWKHVXUJH ?
ZKLFK LV VPDOOHU WKDQ UHVXOWV RI  P IRU WKH )XOO ORDG FRQGLWLRQ ERWK LQ QRQFROOLQHDU ?
HQYLURQPHQW DV VKRZQ LQ 7DEOH  DQG )LJV  WR  ,Q FRQWUDVW WKH PD[LPXP PRWLRQ ?
UHVSRQVHLQVZD\PIRUWKH%DOODVW/RDGFRQGLWLRQLVVLPLODUWKDQWKDWIRUWKH)XOOORDG ?
FRQGLWLRQPLQWKHVDPHQRQFROOLQHDUHQYLURQPHQW ?
)RUWKHZDYHIUHTXHQF\PRWLRQVLWLVQRWHGWKDWWKHGLIIHUHQFHVLQKHDYHUROODQGSLWFKEHWZHHQ ?
WKH%DOODVW/RDGFRQGLWLRQDQG)XOOORDGFRQGLWLRQDUHVPDOO)XUWKHUPRUHWKHPD[LPXPFULWLFDO ?
OLQHWHQVLRQ/N1IRUWKH%DOODVW/RDGFRQGLWLRQLVVOLJKWO\KLJKHUWKDQWKDWIRUWKH ?
)XOO ORDG FRQGLWLRQ  N1 EXW WKH PD[LPXP WHQVLRQ LQ WKH PRVW ORDGHG ULVHU 5 ?
N1IRUWKH%DOODVW/RDGFRQGLWLRQLVVOLJKWO\ORZHUWKDQWKDWIRUWKH)XOOORDGFRQGLWLRQ ?
5N1LQQRQFROOLQHDUHQYLURQPHQW ?
LLL(IIHFWVRIFXUUHQWDQGZLQG ?
,QRUGHUWRH[DPLQHWKHHIIHFWVRIFXUUHQWDQGZLQGRQWKHG\QDPLFVRIWKHFRXSOHGV\VWHP ?
FRPSDULVRQVDUHPDGHIRUWKHUHVXOWVREWDLQHGXQGHUWKHWZRFROOLQHDUµ,QOLQH¶FDVHVLHRQH ?
 ?

ZLWKLUUHJXODUZDYHVRQO\DQGWKHRWKHUZLWKLUUHJXODUZDYHVFXUUHQWDQGZLQG)LJ7KH ?
VWDWLVWLFDO YDOXHV IRU WKH VXUJH PRWLRQV RI WKH )362 PRGHO ZLWK PRRULQJ OLQHV RQO\ ZHUH ?
DQDO\VHG ,W ZDV FOHDU WKDW WKH PHDQ GULIW PRWLRQ UHVSRQVH LQFUHDVHG WZRIROG IRU WKH ?
HQYLURQPHQWZLWK LUUHJXODUZDYHV FXUUHQWDQG ZLQGFRPSDUHG WR WKDW RI WKH V\VWHPXQGHU ?
LUUHJXODUZDYHVRQO\)XUWKHUWKHPHDQGULIWPRWLRQRIWKH)362PRGHOWHQGVWRJRYHUQWKH ?
WRWDOPRWLRQUHVSRQVHZKHQWKHLUUHJXODUZDYHVDUHLQIOXHQFHGE\ZLQGDQGFXUUHQWZKLOHWKH ?
G\QDPLFPRWLRQVORZGULIWPRWLRQFRPSRQHQWLVVPDOOHUZLWKDQDYHUDJHRIFRPSDUHGWR ?
WKH)362PRGHOH[SRVHG WR LUUHJXODUZDYHV7KLVEHKDYLRXU LVPDLQO\GXH WR WKHFROOLQHDU ?
ZDYHFXUUHQWLQWHUDFWLRQVZKLFKLQFUHDVHWKHGULIWPHDQIRUFHVDQGWKHZDYHGULIWGDPSLQJRQ ?
WKH)362PRGHO=KDRDQG)DOWLQVHQ)DOWLQVHQ0RQUR\HWDO6WDQVEHUJ ?
HWDO ?
2QWKHRWKHUKDQGWKHPRWLRQUHVSRQVHRIWKH)362PRGHOIURPFXUUHQWORDGZDVVOLJKWO\ ?
KLJKHU WKDQ WKH PRWLRQ UHVSRQVH IURP WKH ZLQG ORDG DQG D VPDOO VWDQGDUG GHYLDWLRQ ZDV ?
REVHUYHGIRUERWKPRWLRQVGXHWRWKHFXUUHQWDQGZLQGORDGVUHVSHFWLYHO\ZKLFKFRQILUPVWKDW ?
WKH)362V\VWHPZLWKPRRULQJOLQHVPDLQO\UHVSRQGVWRPHDQPRWLRQEHKDYLRXU2VFLOODWLRQ ?
ORDGVIURPWKHFXUUHQWDQGZLQGDUHLQVLJQLILFDQW ?
)LJVKRZVWKHFRPSDULVRQRIWKHWHQVLRQUHVSRQVHRIWKHPRVWORDGHGPRRULQJOLQH/ ?
IRUERWKFROOLQHDUFDVHVZLWK LUUHJXODUZDYHVRQO\DQGLUUHJXODUZDYHVFXUUHQWDQGZLQG ?
7KHPHDQWHQVLRQUHVSRQVHLVREVHUYHGWREHKLJKHUIRUWKHV\VWHPH[SRVHGWRLUUHJXODU ?
ZDYHV FXUUHQW DQG ZLQG FRPSDUHG WR WKDW RI WKH V\VWHP ZLWK LUUHJXODU ZDYHV RQO\ 7KH ?
G\QDPLF WHQVLRQ UHVSRQVH RI WKH PRVW ORDGHG PRRULQJ OLQH ZDV REVHUYHG VLPLODU LQ ERWK ?
FROOLQHDUFDVHVLUUHJXODUZDYHVFXUUHQWDQGZLQGDQGLUUHJXODUZDYHVRQO\,WLVFOHDUWKDW ?
WKHG\QDPLFVRIWKHV\VWHPZKHQH[SRVHGWRDFROOLQHDUFDVHRILUUHJXODUZDYHVFXUUHQWDQG ?
ZLQGLVGRPLQDWHGE\WKHPHDQGULIWPRWLRQUHVSRQVHRIWKH)362PRGHODQGPHDQWHQVLRQ ?
UHVSRQVHRIWKHPRRULQJOLQHV ?
 ?

7KHVWDWLVWLFDOYDOXHVIRUWKHVXUJHPRWLRQVRIWKH)362PRGHOZLWKPRRULQJOLQHVRQO\VKRZ ?
WKDWIRUWKHQRQFROOLQHDUHQYLURQPHQWZLWKWKHLUUHJXODUZDYHVFXUUHQWDQGZLQGWKHPHDQ ?
GULIW PRWLRQ UHVSRQVH LQFUHDVHV E\ WZRIROG FRPSDUHG WR WKH V\VWHP H[SRVHG WR LUUHJXODU ?
ZDYHVRQO\)LJ7KHG\QDPLFPRWLRQVORZGULIWRVFLOODWLRQLVKLJKHUE\FRPSDUHG ?
WR WKHV\VWHPXQGHU LUUHJXODUZDYHVRQO\7KHPHDQ WHQVLRQ UHVSRQVHRI WKHPRVW ORDGHG ?
PRRULQJOLQH/IRUWKHV\VWHPH[SRVHGWRLUUHJXODUZDYHVFXUUHQWDQGZLQGZDVREVHUYHG ?
VOLJKWO\KLJKHUFRPSDUHGWRWKHV\VWHPXQGHULUUHJXODUZDYHVRQO\)LJ7KHPDLQ ?
GLIIHUHQFHZDVREVHUYHGLQWKHG\QDPLFWHQVLRQUHVSRQVH7KHG\QDPLFWHQVLRQLQWKHPRVW ?
ORDGHGPRRULQJOLQHLQFUHDVHVLQWKHV\VWHPH[SRVHGWRLUUHJXODUZDYHVFXUUHQWDQGZLQG ?
WKDQWKDWRIWKHV\VWHPXQGHULUUHJXODUZDYHVRQO\7KLVLVDFOHDULQGLFDWLRQWKDWZDYHFXUUHQW ?
LQWHUDFWLRQLQQRQFROOLQHDUHQYLURQPHQWKDVDQLPSRUWDQWHIIHFWRQERWKPHDQGULIWPRWLRQDQG ?
WKHVORZGULIWRVFLOODWLRQRIWKH)362PRGHODQGWKHG\QDPLFWHQVLRQRIWKHPRRULQJOLQHV7KH ?
UHDVRQLVWKDWFKDQJHVLQWKHPHDQKHDGLQJRIWKHYHVVHOZKHQFRPSDULQJFROOLQHDUDQGQRQ ?
FROOLQHDUFRQGLWLRQVLQIOXHQFHWKHPHDQ\DZPRWLRQUHVSRQVHRIWKH)362PRGHO7KHGLIIHUHQW ?
\DZ PRWLRQV FDXVH GLIIHUHQW ILUVWRUGHU DQG VHFRQGRUGHU PRWLRQ UHVSRQVHV RI WKH )362 ?
PRGHO IRU WKH FROOLQHDU DQG QRQFROOLQHDU HQYLURQPHQW FRQGLWLRQ $GGLWLRQDOO\ ZDYHFXUUHQW ?
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